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Project Introduction

Acoustic imaging has played an essential role in ensuring that structures and
vehicles are in sound condition both during their construction and their
operation. Our lab has developed a new sound focusing system: a phased
array (colloquially referred to as an "acoustic lens") based upon wave
transmission through adjustable non-linear media. For my research, I will
develop a prototype of this system and explore its potential for imaging. The
lens is built from parallel chains of metallic spheres. These chains support the
transmission of compact single wave pulses, and by pre-compressing a chain
we can modify the signal speed within it. If the chains are differentially
compressed and coupled with a linear medium, it is possible to time the
transmission of a pulse so that the response it generates in the linear medium
coalesces to a small volume, generating a "sound bullet." This device offers a
unique combination of advantages over current techniques for acoustic
imaging as it is capable of dynamically changing its focal point, it is able to
support the creation of a single transient pulse (simplifying the task of signal
analysis and possibly allowing for a more accurate result), and it is capable of
supporting a powerful signal. To develop the lens for practical use, three major
issues will be addressed in order to determine the boundaries of its
performance. First, the limits of where the signal can be focused will be
studied. Second, methods to improve transmission of the signal to the linear
system will be explored. And third, the limitations of signal power and the
degradation of performance due to plastic deformation of the spheres will be
determined. With these issues addressed, I will construct a prototype of the
lens. Once the prototype has been built research will then shift towards
applying the lens to imaging. I will first test the ability of the lens to image
features within bulk media and then move on to applying the lens to imaging
within plate arrangements (where the acoustic response is more complex).
This work will culminate with the imaging of space-craft structures.
Investigation into both the basic science behind the lens and the imaging
capability of the lens will require a combination of computational modeling and
experimental work. The computational modeling will be primarily carried out
using the finite element method, a powerful modeling technique capable of
accurately measuring physical behavior over a wide range of scales.
Experimental characterization of the formation of sound bullets will be carried
out with the use of hydrophones (for bulk systems) and laser vibrometers and
strain gages (for plate systems). The development of the highly nonlinear
phased array fits squarely within the stated goals of NSA's materials and
structures research program. The most obvious application of the tool is for its
use in structural assessment during manufacture and maintenance, as its
ability to create single pulses and its power may allow for the detection of
damage types currently below the resolution threshold of current practices.
This is particularly pertinent as NASA moves towards greater use of light-
weight composite structures for its air and space missions, as the damage
modes of composites tend to be difficult to detect with current acoustic
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imaging technology. Further development of the lens may allow it to be used
for monitoring physical condition within a mission, as the ease with which the
focal point may be moved may allow a single device integrated within a craft
to cover a reasonably large area for damage assessment. These potential
improvements in acoustic imaging will play a vital role in NASA's space goals:
helping reduce the cost of space access, enabling access to extreme space
environments, and ensuring that any future colonies or way stations are best
prepared for the rigors of space.

Anticipated Benefits

The development of the highly nonlinear phased array fits squarely within the
stated goals of NSA's materials and structures research program. The most
obvious application of the tool is for its use in structural assessment during
manufacture and maintenance, as its ability to create single pulses and its
power may allow for the detection of damage types currently below the
resolution threshold of current practices. This is particularly pertinent as NASA
moves towards greater use of light-weight composite structures for its air and
space missions, as the damage modes of composites tend to be difficult to
detect with current acoustic imaging technology. Further development of the
lens may allow it to be used for monitoring physical condition within a mission,
as the ease with which the focal point may be moved may allow a single
device integrated within a craft to cover a reasonably large area for damage
assessment. These potential improvements in acoustic imaging will play a vital
role in NASA's space goals: helping reduce the cost of space access, enabling
access to extreme space environments, and ensuring that any future colonies
or way stations are best prepared for the rigors of space.
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Responsibility

Responsible Mission
Directorate:

Space Technology Mission
Directorate (STMD)
Responsible Program:

Space Technology Research
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Project Management

Program Director:
Claudia M Meyer
Program Manager:
Hung D Nguyen
Principal Investigator:

Chiara Daraio

Co-Investigator:
Paul W Anzel

Technology Maturity
(TRL)

Start: 2
Current: 3
Estimated End: 3
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Primary U.S. Work Locations and Key Partners
Technology Areas

Primary:

e TX17 Guidance, Navigation,
and Control (GN&C)
- TX17.5 GN&C Systems
Engineering Technologies
- TX17.5.3 GN&C
Verification & Validation
Tools & Techniques

Organizations

Performing Work Role Type Location
California Institute of Supporting . Pasadena,
A Academia . .

Technology(CalTech) Organization California
Primary U.S. Work Locations
California
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Project Website:
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